Propanil is a selective herbicide for the post-emergent control of grasses and broadleaved weeds. It has been proved particularly effective for control of barnyardgrass in rice fields. It was suggested that differential absorption of propanil between rice and other plant species might be a factor in its selectivity 1), but YAMADA and NAKAMURA13), and ISHIZUKA et al. 9) found no remarkable difference in absorption between barnyardgrass and rice although barnyardgrass absorbed propanil at a little faster rate. Many reports have shown that rice plants have arylacylamidase activity which hydrolyzes propanil2,12,13); thus, the herbicide is detoxified rapidly in rice, while unchanged propanil is accumulated in barnyardgrass to a lethal concentration. This difference in enzymatic activity was proposed as the major factor for the selective action of propanil between rice and barnyardgrass. The arylacylamidase in rice degrades propanil to 3, 4-dichloroaniline and propionic acid. This enzyme was isolated, purified and characterized in rice plant3, 4, 6, 8, 14) . ISHIZUKA et al. 9 ) clarified that arylacylamidase existed in both rice and barnyardgrass, which have different substrate specificities by using N-(chloro-substituted-) phenyl-ethylcarboxamides and N- (3, 4-dichlorophenyl-) alkylcarboxamides.
AKATSUKA3,4) separated and purified three isozymes of arylacylamidase from various plant species and characterized them. Among gramineous species, rice was the only one found in which arylacylamidase hydrolyzed the 3, 4-dichloro-substituted anilides. In an attempt to find a tolerance to propanil among a wide variety of gramineous species, a survey was made in our laboratory wherein finger millet showed remarkable tolerance. This finding may contribute to a clarification of the mode of propanil action.
The objective of the present study is to investigate the mechanism of tolerance of finger millet to propanil with respect to its absorption, translocation and metabolism. The activities and properties of arylacylamidase in gramineous plants were also studied. with an acid chloride. Propanil labeled with 14C at the carboxyl carbon position was synthesized as follows.
The related compounds were obtained by the same reaction as propanil. Abbreviations used here are as follows: 3, 4-dichloroaniline
4. Metabolism of Propanil Shoots or roots of rice, barnyardgrass and finger millet were placed in a 1.3x10-5M of 14C-propanil solution (3.59pCi/300ml) for 1.5 or 3 hours in a growth chamber. After the treatment, the shoots or roots exposed to 14C-propanil were washed with water and allowed to grow another 24 hours. Harvested plants were cut into shoot and root parts, and then homogenized in 90% methanol.
14C-radioactivity of methanol soluble extracts was determined by a liquid scintillation spectrophotometer (Beckman LS-8100).
Methanol insoluble residues were combusted in a sample combustion system (Aloka ASC-113).
The methanol soluble extracts were concentrated in vacuo at 40C and applied to silicagel thinlayer chromatography (tic) using a mixture of chloroform:methanol:pyridine (100:5:1) as a developing solvent.
5. Enzyme Preparation Enzyme preparations from the plants were made by the method of AKATSUKA3). Homogenization of each leaf and stem tissue was carried out with chilled Na-phosphate buffer
containing 0.01M EDTA and 0.05M mercaptoethanol.
The homogenate was then squeezed through several layers of gauze and the filtrate was centrifuged at 1,000xg for 10min at 0C. The supernatant was recentrif uged at 10,000xg for 15min at 0C, and that part of it used as a fraction included both arylacylamidase I and II. The supernatant remaining was recentrif uged at 20,000xg for 120min at 0C and was used as the arylacylamidase II fraction. The remaining precipitate of the arylacylamidase I fraction was resuspended in the same phosphate buffer as mentioned above.
6. Enzyme Assay The standard assay solution consisted of 5.0ml of plant extract and 5.0ml of 25pg/ml propanil solution in 1/15M phosphate buffer at pH 7.4. After incubation at 40C for 3 hours, the reaction mixture was stopped by the addition of 2.0ml of 50% TCA. Amounts of propanil remaining after cessation of the enzyme reaction were determined by the GOTO and SATO procedure7); that is, propanil was extracted with benzene-hexane and hydrolyzed aniline remaining in the reaction mixture was removed by HCl. Then it was hydrolyzed by acid solution and mixed with N-naphthylethylenediamine dihydrochloride (NED). This solution was allowed to stand for 15min and the absorbance at 550nm was measured. Aniline was also determined directly by a modification of RINDEN and HOPKIN's proce-dure5).
An enzyme unit here is expressed as the amount of anilines produced per hour per mg protein.
Protein was determined by the method of LowRY et al. with bovine serum albumin as the protein standard10).
Substrate specificity was determined to be the same as propanil.
Absorption and Translocation of 14C-Propanil
Rice, barnyardgrass and finger millet were used in this study. The intact shoots or roots of each plant species were placed respectively in a 9.4X10-6M or 9.8X10-6M of 14C-propanil solution (8. -33-applications. The result indicates that finger millet was much more tolerant to propanil than large crabgrass, goose grass and barnyardgrass though rice showed a tolerance slightly stronger than finger millet, in terms of dry weight, fresh weight and plant height of shoots and roots. The major visible symptom of injury by foliar-applied propanil was chlorosis, and this was accompanied by dwarfing in plants with root-applied propanil.
Metabolism of Propanil
In an attempt to clarify whether finger millet has any detoxifying enzyme as rice apparently does, metabolic changes in propanil were traced.
Metabolic changes of 14C-propanil in roots and shoots of rice, barnyardgrass and finger millet were studied over a 24 hour period. A considerably large portion of 14C-radioactivity in plant tissues was found in 90% methanol insoluble residue in rice, while in barnyardgrass and finger millet, most radioactivity was found in methanol soluble extracts by both foliar and root application (Table 1) . Methanol soluble extract of shoots and roots which contained propanil in it was analyzed on tic. The autoradiograms showed that all of the 14C-radioactivity was found as propanil in both barnyardgrass and finger millet 24 hours after treatment, but not in rice. Most radioactivity in methanol extracts from rice was detected at the origin on the tic plate after development by the solvent, which remains to be identified.
The degradation activities of propanil in barnyardgrass and finger millet were thus considered much less than in rice.
Hydrolytic Enzme Activity
As shown in Table 2 and Figure 3, With the arylacylamidase I preparation, finger millet and barnyardgrass did not hydrolyze the compounds tested in this experiment at all. Rice, however, hydrolyzed PA and 2, 3-DCPA as well as propanil.
The degree of substrate specificity of arylacylamidase II from the gramineous plants was shown with the following preference: 2, 5-DCAA> 3-CAA> AA ( Figure  5 (A), (B), (C)). From these results, it is concluded that finger millet and barnyardgrass have no arylacylamidase I activity, although the tolerances of these two plant species to propanil were quite different. This finding suggests that the tolerance of finger millet to propanil is not based on hydrolysis of the herbicide but on other alternative processes.
Since arylacylamidase II hydrolyzes no propanil at all, this enzyme could not play an important role in the tolerance (Figure 4 -35-millet or rice. The tendency in susceptibility of the plant species to foliar-applied propanil is correlated well with the difference in concentrations in shoots. Figure 7 shows that the rate of absorption by roots of finger millet was remarkably larger than that of rice or barnyardgrass.
Concentration of 14C-propanil in roots of the former in 48 hours was also much more than the latter two ( Figure 9 (A) ).
The effect of propanil on root growth and metabolic activity is not clear and remains to be investigated, but, as shown in Figure 8 , the rate of translocation from roots to shoots of finger millet was comparatively lower than rice and barnyardgrass. Concentration of 14C-propanil distributed in shoots of finger millet, as well as rice, was less than barnyardgrass ( Figure 9 (B)). In both foliar and root application, the concentration of 14C-propanil in shoots of finger millet and rice was less than that in barnyardgrass. 
In conclusion, finger millet showed relatively high tolerance to propanil although it has no detoxifying hydrolytic enzyme. The lower absorption of propanil by shoots or the lower amount translocated from roots to shoots resulted in less accumulation of the herbicide in shoots, which might reflect on the greater tolerancy of finger millet to propanil, as compared with barnyardgrass.
Summary
The slectivity of both foliar-and root-applied propanil was studied among five gramineous plant species.
In both applications, finger millet (Eleusine coracana (L.) GAERTN.) showed considerable tolerance to propanil, although it was less tolerant than rice(Oryza sativa (L.) cv. Nihonbare).
Large crabgrass (Digitaria ciliaris (RETz.) KOELER), goose grass (Eleusine indica (L.) GAERTN.) and barnyardgrass(Echinochloa oryzicola VASING.) were found susceptible to propanil. The mechanism of tolerance of finger millet to the herbicide was studied.
Metabolic change of 14C -propanil in roots and shoots of rice was much greater than in finger millet and barnyardgrass, and most of the 14C-propanil actually remained unchanged in the latter two plants.
Finger millet and barnyardgrass hydrolyzed no propanil at all, while rice did.
Substrate specificity of the enzyme was surveyed and only rice plant hydrolyzed propionanilide, propanil and 2, 3-dichloropropionanilide. All three plants have arylacylamidase II activity. Differences in rates of absorption of 14C-propanil by shoots were in the following order:
barnyardgrass> rice> finger millet. The rate of translocation of 14C-propanil from roots to shoots of finger millet was comparatively less than that of rice and barnyardgrass.
It is concluded that the tolerance of finger millet to propanil is not due to the hydrolytic degradation of the substance, but that the lower accumulation of the chemical in shoots resulting from its lower rate of absorption by the shoots or the lower amount translocated from roots to shoots may contribute to this tolerance.
